Summary
In the UK, a network of specialist centres has been set up to provide critical care for burn patients. However, some burn patients are admitted to general intensive care units. Little is known about the casemix of these patients and how it compares with patients in specialist burn centres. It is not known whether burn-specific or generic risk prediction models perform better when applied to patients managed in intensive care units. We examined admissions for burns in the Case Mix Programme Database from April 2010 to March 2016. The casemix, activity and outcome in general and specialist burn intensive care units were compared and the fit of two burn-specific risk prediction models (revised Baux and Belgian Outcome in Burn Injury models) and one generic model (Intensive Care National Audit and Research Centre model) were compared. Patients in burn intensive care units had more extensive injuries compared with patients in general intensive care units (median (IQR [range]) burn surface area 16 (7-32 [0-98] )% vs. 8 (1-18 [0-100])%, respectively) but in-hospital mortality was similar (22.8% vs. 19 .0%, respectively). The discrimination and calibration of the generic Intensive Care National Audit and Research Centre model was superior to the revised Baux and Belgian Outcome in Burn Injury burn-specific models for patients managed on both specialist burn and general intensive care units.
Introduction
Annually, burn injuries are estimated to cause about 180,000 deaths worldwide and the associated morbidity is considerable [1] . Each year, about 175,000 people present to Emergency Departments in the UK with burn injuries [2] and in 2010, 11,477 people were admitted to acute hospitals in England with a primary diagnosis of burn injury [3] .
The framework for burn care in England and Wales consists of four burn care operational delivery networks;
Northern Ireland has a separate burn care organisation [4] . The system in England and Wales is three-tiered with burn centres, burn units and burn facilities [5] . Burn centres provide the highest level of specialised burn care (including intensive care) and in England and Wales there are 11 such centres which admit adult patients; Northern Ireland has a single burn centre which admits adults [4] . National Health Service (NHS) guidelines specify that adult patients should be referred to a burn centre if the burn surface area is > 40% of total body surface area or with a burn surface area > 25% of total body surface area with an associated inhalation injury [6] .
Universally agreed risk factors for mortality following burn injury are age and burn surface area [7, 8] . In addition, inhalation injury [9] , full skin thickness burns [10] , burn mechanism [11] , adjacent trauma [12] , comorbidities [13] [14] [15] , drugs and alcohol [16] , physiological derangement [7, [17] [18] [19] , sex [20] [21] [22] and obesity [13, 23] have also been reported as risk factors for mortality. Many burn-specific risk prediction models have been developed; however, these have predominantly been developed and validated in combined burn centre and burn unit patient populations [24] and little is known of their performance in burn patients admitted to an intensive care unit (ICU).
Given the high level of recent interest in the care of, and outcomes for, critically ill burn patients, the objectives of this study were: to describe the characteristics of Details of the data collection and validation have been reported previously [25] . The CMP database has been independently assessed to be of high quality [25] and support for the collection and use of patient-identifiable data without consent has been obtained under [26] .
For each identified patient, the following data were extracted: burn surface area; presence of inhalation injury; burn mechanism; source of admission; urgency of surgery (emergent/urgent compared with elective/ scheduled); age; sex; assistance in daily activities; severe conditions in the past medical history; acute severity of illness (assessed with the ICNARC physiology score [27] and Acute Physiology And Chronic Health Evaluation (APACHE-2 acute physiology score [28] and general ICUs were tested using the Wilcoxon ranksum test, and differences in the presence of inhalation injury and mortality at ICU and acute hospital discharge were tested with logistic regression.
Three risk predictions for acute hospital mortality for each patient were calculated by applying the revised Baux model [30] , Belgian Outcome in Burn Injury (BOBI) model [31] , and the 2015 recalibration of the ICNARC model [32] (see Appendix S1 for details). The performance of the risk prediction models was estimated by calculating their discrimination, calibration and accuracy. The discrimination of the model was assessed by the area under the receiver operating characteristic curve (AUC). The calibration was assessed both graphically (with predicted probability on the x-axis and the observed outcomes on the y-axis in 10 equal-sized risk groups) and by Cox's calibration regression [33] (linear recalibration of the predicted log odds). The calibration regression was expressed by an intercept (intercept = 0 with perfect calibration) and a slope (slope = 1 with perfect calibration). Accuracy was assessed by Brier's score (the mean squared error between outcomes and predictions). Performance was compared overall and by type of ICU. We compared the discrimination of the revised Baux and the BOBI models to the ICNARC model as our objective was to compare burn-specific and generic models. (the recalibration sample for the ICNARC model) to avoid potential overfitting; due to the small contribution of burn patients to the overall ICNARC model recalibration sample, it was not considered necessary to not include these patients from the primary analysis. The third analysis recoded patients initially admitted to a general ICU who were subsequently transferred to another critical care unit (assumed to be a burn ICU) within the same acute hospital stay to explore the impact of using the initial categorisation.
All analyses were performed using Stata/SE Version In burn ICUs, organ support was received by a higher proportion of patients, for longer duration and both ICU and acute hospital durations of stay were longer ( Table 2) . Almost one-third of burn patients admitted to general ICUs were transferred to another ICU.
Results

Out
Crude mortality at ICU discharge was higher for patients (Table 2 ).
For the comparison of the risk prediction models, the analyses included the 1103 (97%) patients with complete data for all variables for all models. Figure 2 presents the receiver operating characteristic curves for the three models, Fig. 3 the calibration plots and Table 3 presents and compares the measures of model performance.
In burn ICUs, the revised Baux and BOBI risk prediction models had poorer discrimination than the ICNARC model, although this only reached significance for the BOBI model. The revised Baux and BOBI models underestimated acute hospital mortality in lower-risk patients and the ICNARC model in higher-risk patients, yet the ICNARC model had slightly superior overall calibration.
In general ICUs, the overall discrimination of the ICNARC model was excellent, whereas the burn-specific models were much poorer. With respect to calibration, again, the burn-specific models underestimated ultimate acute hospital mortality, most markedly for lower-risk patients, whereas the ICNARC model overestimated mortality in lower-risk patients. The overall accuracy of the ICNARC model was superior to that of the burn-specific models, irrespective of the ICU setting. Comparisons across countries and healthcare settings are difficult due to differences in the organisation of care and how certain casemix or risk factors are defined (e.g. a lack of a standardised definition for inhalation injury [35] ). In addition, few studies report on burn patients in ICU, either in dedicated burn or general ICUs.
Although the age and sex distributions are broadly similar across studies, the extent of injury (burn surface area and the presence of inhalation injury), as well as mortality (11-58%), differ vastly [18, [36] [37] [38] [39] .
Our finding of comparable mortality in burn and A study of 48 patients admitted to a UK burn ICU with a burn surface area higher than that in our burn ICU population (30% vs. 23%), reported that the APACHE-2 model was superior to the revised Baux and BOBI models [42] , and thus concurred with our findings. In contrast, Tsurumi et al. [43] reported that the revised Baux model had a better discrimination than the APACHE-2 model in 333 burn patients in six US burn
ICUs. Only patients with a burn surface area > 20% were included and the hospital mortality was 19%. In our study, the burn-specific models failed to calibrate mainly in the lower-risk patients, which is to be expected as patients admitted to ICU despite only minor burns constitute a highly selected subset. Exclusion of patients with burn surface area < 20% selects higher risk populations (64% of our ICU patient population would have been excluded had we applied this criterion) and this may explain the discrepancy between our findings and those of the above study.
The fit of burn-specific vs. generic risk prediction models needs to be considered in the context of the amount of data required to apply the model and the required accuracy for its use in clinical care. Our finding that a generic risk prediction model performs well in burn ICUs and outperforms burn-specific models would suggest that benchmarking and quality surveillance in burn ICUs could be organised within the framework already set up for general ICUs.
In conclusion, the UK policy of admitting burn patients primarily to specialist ICUs is mostly complied with. Although a number of burn patients are cared for in general ICUs, the reasons for this need to be investigated as issues of inadequate capacity may be contributing. A generic risk prediction model performs better in both burn and general ICUs compared with commonly used burn-specific risk prediction models for adults. Further work based on the whole adult and paediatric burn population requiring ICU care, as well as the non-ICU population, needs to be undertaken to identify the optimal audit tools.
